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We investigate the predictions for lepton flavour number violating processes in the context of a
simple left-right symmetric theory. In this context neutrinos are Majorana fermions and their masses
are generated at the quantum level through the Zee mechanism using the simplest Higgs sector. We
show that the right handed neutrinos are generically light and can give rise to large lepton flavour
violating contributions to rare processes. We discuss the correlation between the collider constraints
and the predictions for lepton flavour violating processes. We find that using the predictions for
µ→ eγ and µ→ e conversion together with the collider signatures one could test this theory in the
near future.
I. INTRODUCTION
The Large Hadron Collider (LHC) has discovered the last missing piece of the Standard Model (SM) of
particle physics. The discovery of the Brout-Englert-Higgs boson was crucial to establish the SM as one
of the most important theories of nature. Today, we believe that the SM should be an effective theory to
explain most of the current experimental results. However, it is well-known that one cannot explain in this
context, for example, the hierarchy of the fermion masses, the origin of neutrino masses, the origin of Parity
and CP violation, the nature of dark matter and the baryon-asymmetry in the Universe.
There are many ideas for physics beyond the Standard Model which can help us to define a new theory
to describe the new energy scale, TeV scale, which is currently explored by the Large Hadron Collider.
In the context of left-right symmetric theories [1–5], proposed by J. Pati, A. Salam, R. Mohapatra and G.
Senjanovic´, one can explain some of the open issues of the SM. In this context, the spontaneous breaking
of Parity is naturally explained and one can understand why at the low scale the weak interactions are
V − A interactions. These theories predict the existence of right-handed neutrinos in nature which play
a crucial role to generate neutrino masses. In the context of left-right symmetric theories, neutrinos can
be Dirac fermions [3] or Majorana fermions [5]. In the Majorana case one can make use of the see-saw
mechanism [5, 6] to understand the smallness of the neutrino masses. These theories can give rise to many
interesting signatures at colliders and low energy experiments, see for example Refs. [7–28] for different
phenomenological studies.
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2Recently, we have proposed a simple left-right symmetric theory [29] where the Majorana neutrino
masses are generated through the Zee-mechanism [30]. In this context the charged fermion masses are gen-
erated at tree level as in the SM, while the neutrino masses are generated at one-loop level. This theory has
the simplest Higgs sector needed to generate Majorana masses for neutrinos and to realize the spontaneous
breaking of the local left-right symmetry obtaining the SM at the weak scale. In Ref. [29] we have proposed
this new theory and investigated the main collider signatures which can help us to test the theory at the
Large Hadron Collider.
In this article we investigate in details the properties of the right-handed neutrinos in the theory proposed
in Ref. [29] and the predictions for lepton flavor violating (LFV) processes such as the rare decays ei → ejγ
and µ → e conversion. The current experimental bounds from the LFV experiments provide non-trivial
bounds on lepton flavour violating interactions present in different theories (see Ref. [31] for a review of
LFV experiments). The next generation of LFV experiments will set very strong bounds on the branching
fractions for these rare decays and we investigate the impact of these results in our model, in which one has
several contributions to LFV processes: the interactions between the W±L or W
±
R with the charged leptons
and the neutrinos, and the L-violating Higgs interactions. We show that, in this context, one can have very
large contributions to LFV processes in agreement with all experimental constraints. Together with the
collider signatures studied in Ref. [29] these results can be used to test this theory in current and future
experiments.
II. SIMPLE LEFT-RIGHT SYMMETRIC THEORY
Recently, we have proposed in Ref. [29] a simple left-right symmetric theory based on the gauge sym-
metry
GLR = SU(3)C ⊗ SU(2)L ⊗ SU(2)R ⊗ U(1)B−L
where the Majorana neutrino masses are generated at the quantum level. As in any left-right symmetric
theory the matter fields live in the following representations
QL =
uL
dL
 ∼ (3, 2, 1, 1/3) , QR =
uR
dR
 ∼ (3, 1, 2, 1/3) ,
`L =
νL
eL
 ∼ (1, 2, 1,−1) , and `R =
νR
eR
 ∼ (1, 1, 2,−1).
3and the Higgs sector is composed of four Higgses: a bi-doublet needed to generate charged fermion masses,
a charged singlet and two doublets required to break the left-right symmetry and generate Majorana neutrino
masses in a minimal way,
Φ =
φ01 φ+2
φ−1 φ
0
2
 ∼ (1, 2, 2, 0) , δ+ ∼ (1, 1, 1, 2),
HL =
h+L
h0L
 ∼ (1, 2, 1, 1) and HR =
h+R
h0R
 ∼ (1, 1, 2, 1).
A. Charged Fermion Masses
As in any left-right symmetric theory the charged fermions acquire mass at tree level once the Higgs
bi-doublet gets a vacuum expectation value. Using the interactions
− LDLR = QL
(
Y1Φ + Y2Φ˜
)
QR + `L
(
Y3Φ + Y4Φ˜
)
`R + h.c. , (1)
where Φ˜ = σ2Φ∗σ2, one finds the following charged fermion masses after electroweak symmetry breaking
MU = Y1v1 + Y2v
∗
2 , (2)
MD = Y1v2 + Y2v
∗
1 , (3)
ME = Y3v2 + Y4v
∗
1. (4)
Here, v1 and v2 are the vacuum expectation values for the fields φ01 and φ
0
2, respectively. Notice that the Y1
and Y2 can be written as linear combinations of the mass matrices for the up and down quarks, while one has
more freedom in the expression for charged lepton masses due to the presence of two Yukawa couplings.
B. Neutrino Masses
In the left-right theory with only three Higgses, Φ, HL and HR, the total lepton number is conserved
after symmetry breaking and neutrinos are Dirac massive fermions with mass given by
MDν = Y3v1 + Y4v
∗
2 . (5)
4νL/R νL/Re e
δ+
H0L H
0
R
φ0i
φ+j
FIG. 1: Neutrino mass generation at the quantum level.
Notice that using the freedom in Eqs.(4) and (5) one can have a consistent scenario for Dirac neutrinos in
this context [3]. However, the neutrino masses are very small and they could be Majorana fermions. In the
theory proposed in Ref. [29] Majorana neutrino masses are generated at one-loop level using the following
interactions
− LMLR = λL`L`Lδ+ + λR`R`Rδ+ + λ1HTL iσ2ΦHRδ− + λ2HTL iσ2Φ˜HRδ− + h.c. (6)
See Fig.1 for the one-loop contribution to neutrino masses in the unbroken phase. Notice that both the
left-handed and right-handed neutrinos acquire masses at one-loop level and their masses are proportional
to the vacuum expectation values of h0L and h
0
R, i.e. vL/
√
2 and vR/
√
2. The neutrino mass matrix in the
basis
(
νL, (ν
C)L
)
is given by
Mν =
 MLν MDν
(MDν )
T MRν
 , (7)
where MLν and M
R
ν are generated at one-loop level while M
D
ν is generated at tree level. The explicit forms
of MLν and M
R
ν are given by
(MLν )
αγ
=
1
4pi2
λαβL meβ
∑
i
Log
(
M2hi
m2eβ
)
V5i
[
(Y †3 )
βγV ∗2i − (Y †4 )βγV ∗1i
]
+ α↔ γ , (8)
(MRν )
αγ
=
1
4pi2
λαβR meβ
∑
i
Log
(
M2hi
m2eβ
)
V5i
[
(Y3)
βγV ∗1i − (Y4)βγV ∗2i
]
+ α↔ γ . (9)
5Here Vij defines the mixing between the charged Higgses in the theory and Mhi their physical masses (see
Ref. [29] for more details). In our notation the neutrino mass matrix is diagonalized by the following matrix
 νL
(νC)L
→
Vν A
B VN
 νL
NL
 =
VννL + ANL
BνL + VNNL
 , (10)
which is useful to obtain all physical interactions. Henceforth we are neglecting the mixing between the
left-handed and right-handed neutrinos because it is very small. In general the vevs as well as the Yukawas
are free parameters and one cannot predict anything about the magnitude of the masses. However, for the
theory to be consistent one needs to assume (see Ref. [29]) that v2  v1 and Y3  Y4. In this limit, the
mass matrix for charged leptons can be approximated by ME ≈ Y4v∗1 and MRν as
(MRν )
αβ
=
1
4pi2
λαβR
m2eβ
v∗1
∑
i
Log
(
M2hi
m2eβ
)
V5iV
∗
2i + α↔ β . (11)
From the above relation one can extract predictions about the hierarchy of the sterile neutrino masses.
Notice that Eq.(11) is traceless due to the product of the antisymmetric Yukawa λαβR with the symmetric
mass matrix of the charged leptons, which is assumed without loss of generality to be diagonal. On the
other hand, the mass matrix in Eq. (11) is sensible to the difference between pairs of charged lepton masses
squared. Since the difference between the muon mass and the other charged lepton masses is one order of
magnitude smaller than the rest of differences, the muon neutrino Nµ is predicted to be at least two orders
of magnitude lighter than the electron neutrino Ne and the tauon neutrino Nτ . Bringing together both
statements and taking into account the invariance of the trace, the following conclusion about the hierarchy
of the masses can be drawn: the model predicts that the muon sterile neutrino is much lighter than the
others, which therefore have almost degenerated masses.
In order to study qualitatively the order of magnitud of the sterile neutrino masses, one could assume as
a good approximation that the product of the charged Higgses mixing matrices is of the order of one, due
the unitarity nature of the mixing matrix. Notice that unitarity further constraints the sum of the logarithm
over the different five physical charged Higgses in the theory, making this term only sensible to twice the
difference of the order of magnitude between the lightest and the heaviest charged Higgses. Let us call this
factor ∆, which will represent the contribution of the logarithms in Eq.(11). Hence, in the limit v2  v1
and Y3  Y4, and assuming that v1 ≈ v = 246 GeV, Eq. (11) can be rewritten as
(MRν )
αβ ≈ ∆
4pi2v∗1
λαβR (m
2
eα −m2eβ ). (12)
6FIG. 2: Predictions for the sterile neutrino masses as a function of ∆. The blue, orange and red points correspond to
the electron Ne, muon Nµ, tauon Nτ sterile neutrinos, respectively. For the scan, the entries of the Yukawa λR have
been taken randomly ranging between 0 to 2
√
pi. The vertical green line shows the estimated upper bound ∆upper.
We can estimate a theoretical upper limit for the factor ∆ by assuming the extreme case in which the lightest
charged scalar lives at the electroweak scale and the heaviest one at the Plank scale. In this scenario ∆ is
given by, ∆upper ∼ Log
(
1019 GeV
102 GeV
)2
= 2 × 17 × Log(10). The relation in Eq. (12) is one of the main
predictions of the model, since this correlation between the sterile neutrino masses and the Yukawa coupling
λR constrains strongly, on one hand, the hierarchy of the sterile neutrino masses and, on the other hand,
allows us to estimate an upper bound for the right-handed neutrino masses.
In Fig. 2 we show the correlation between the sterile neutrino masses MNi , given by the eigenvalues of
Eq. (12) and the factor ∆. The scattered points correspond to different values for the entries of λR, which
range randomly from [0, 2
√
pi], according to perturbativity. As we can see in Fig. 2, the model predicts very
light sterile neutrinos with the theoretically predicted hierarchy. We emphasize again the relevance of the
antisymmetric nature of the Yukawa λR matrix since one has only three free parameters, λ
eµ
R , λ
µτ
R and λ
eτ
R .
Our main result here is that the right-handed neutrinos are generically light. This prediction will be very
important to study the predictions for lepton flavour violating processes.
C. Charged Gauge Boson Masses
In the basis (W+L , W
+
R ) the charged gauge boson mass matrix reads as
M2± =
g2L2 (12v2L + v2) −gLgRv1v2
−gLgRv1v2 g
2
R
2 (
1
2v
2
R + v
2)
 , (13)
7where v2 = v21 +v
2
2 . The mass of the WR-like charged gauge boson is MWR ≈ gRvR/2. Using the charged
current interactions
− LCCLR ⊃
gL√
2
ν¯L /W
+
LeL +
gR√
2
ν¯R /W
+
ReR + h.c. , (14)
and the definition in Eq.(10) one can study lepton flavour violation in the leptonic sector mediated by the
gauge bosons. Recently, the LHC experiments have set bounds on the mass of these gauge bosons. See
Ref. [32] for the lower experimental bound, MWR > 4.1 TeV, on the mass of the WR-like gauge boson.
III. LEPTON FLAVOUR VIOLATING PROCESSES
In the theory proposed in Ref. [29] there are several sources of lepton flavour violation:
• The physical interactions between the W±L , the charged leptons and the neutrinos.
• The physical interactions between the W±R , the charged leptons and the neutrinos.
• In Eq.(1) we cannot simultaneously diagonalize the Yukawa couplings Y3 and Y4, and the Higgs
interactions violate the family lepton numbers.
• The Yukawa interactions in Eq.(6) violate the global U(1)Li as well.
In this section we investigate the predictions for lepton flavour violating processes such as ei → ejγ taking
into account the different sources for Li violation. Notice that, among the different sources violating lepton
flavour, there are the charged Higgses in the bi-doublet. In this work we will not focus on them since
they also contribute to ∆F = 2 hadronic changing neutral current effects which are very constrained and,
therefore, these Higgses have to be very heavy [10]. However, in the context of the recently proposed
left-right symmetric model [29], the singly charged Higgs could be relatively light and can induce large
contributions to lepton flavour violating processes.
A. LFV ei → ejγ Processes
In this section we investigate the predictions for the lepton flavour violating processes in order to under-
stand the testability of the theory proposed in Ref. [29]. The current experimental bounds on the branching
ratios for the ei → ejγ processes are
Br(µ→ eγ) < 4.2× 10−13[33], Br(τ → eγ) < 3.3× 10−8[34], Br(τ → µγ) < 4.4× 10−8[34].
8µ νi/Ni e
γ
W+R/L
γ
µ νi/Ni e
δ+j
(a) (b)
FIG. 3: Contributions to µ → eγ. Topology (a) mediated by a charged gauge boson, W±L or W±R , and topology (b)
mediated by a singly charged Higgs.
As it is well known, the amplitude for the process µ→ eγ can be written as
A(µ→ eγ) = iue(p− q)∗νσνµqµ[ARPR +ALPL]uµ(p), (15)
where pµ and qµ are the muon and photon quadrimomenta, respectively, and the decay width reads as
Γ(µ→ eγ) = m
3
µ
16pi
(|AL|2 + |AR|2). (16)
The branching ratio can be computed using the relation
Br(µ→ eγ) ≡ Γ(µ→ eγ)
Γ(µ→ eνµν¯e) + Γ(µ→ eγ) , (17)
where
Γ(µ→ eνµν¯e) =
m5µG
2
F
192pi3
. (18)
In our model there are several contributions to the coefficients AL and AR relevant for the decay width. In
Fig. 3 we show the Feynman graphs for the different contributions mediated by the charged gauge bosons
and the charged Higgses. Here we will investigate the predictions for each contribution in order to under-
stand the testability of the theory in current and future experiments.
1. LFV induced by W±i gauge bosons
The W±L and W
±
R contributions to the process µ→ eγ, neglecting the electron mass, read as
AWRL ≈ g2R
e mµ
64pi2M2WR
∑
i
(VN )ei(V
∗
N )µiF
(
m2Ni
m2WR
)
, (19)
9AWLR ≈ g2L
e mµ
64pi2M2WL
∑
i
(Vν)ei(V
∗
ν )µiF
(
m2νi
m2WL
)
, (20)
where we have neglected the mixing between the neutrinos. The loop scalar function F (x) is defined as
F (x) =
1
6(1− x)4
(
10− 43x+ 78x2 − 49x3 + 18x3 Log(x) + 4x4) , (21)
which has the following limits,
F (x)x→∞ ∼ 2
3
+ 3
Log(x)
x
, F (x)x→0 ∼ 5
3
− 1
2
x, F (x)x→1 ∼ 17
12
+
3
20
(1− x). (22)
Notice that whenW±L is the mediator of the process, the Standard Model neutrinos are the ones contributing
into the amplitude. In the second contribution, the W±R and the sterile neutrinos are inside the loop. In
the case of W±L , x ≡ m2νi/M2WL → 0 due to the smallness of the Standard Model neutrino masses and
the function F (x → 0) characterizing the loop behaves almost as a constant. Hence, AWLR ∼ 0 due to the
unitarity of Vν , i.e. the so-called GIM suppression. For theWR gauge boson, however, the GIM suppression
can be avoided if the sterile neutrinos are heavy enough to spoil the suppression coming from the unitarity
relations. Each of the limits of F (x) leads to a different amplitude, shown in Table I. The largest possible
TABLE I: Different limits for AWRL amplitud.
Limit AWRL
mNi MWR −g2R e128pi2
mµ
M4WR
∑
i(VN )ei(V
∗
N )µim
2
Ni
mNi MWR g2Rmµ 3e64pi2
∑
i Log
(
m2Ni
M2WR
)
(VN )ie(V
∗
N )iµ
1
m2Ni
mNi ∼MWR g2R 31280pi2
mµ
M2WR
∑
i(VN )ei(V
∗
N )µi
M2WR
−m2Ni
M2WR
contribution corresponds to the case where both, the masses of the sterile neutrinos and the mass of the
charged gauge boson, are of the same order of magnitude, i.e. mNi ∼ MWR . We illustrate this scenario in
Fig. 4 by showing the prediction on the branching ratio ei → ejγ (purple points) as a function of MWR for
different values of the sterile neutrino masses of the same order of magnitude as MWR . In the context of
our LR-model in Ref. [29], neutrinos are predicted to be very light; mNi/MWR ≤ 10−4. Therefore, as we
also show in Fig. 4, blue points, the GIM suppression occurs and the predictions for the branching ratio are
far away from the current and even future experimental reach. In order to complete our discussion we show
the predictions for g − 2 which are always very small.
10
FIG. 4: Predictions on the branching ratio of ei → ejγ and g − 2 anomalous momentum of the muon mediated by
a right handed charged gauge boson as a function of its mass MWR . The blue points represent the predictions on
the branching ratio in the context of our model, whereas the purple points correspond to the most optimistic case to
observe LNV in which the right handed neutrinos and the WR boson masses are of the same order of magnitude.
For all points, λR ∈ [0, 2
√
pi] (perturbative scenario) and the factor ∆ ∈ [0,∆upper]. The red lines represent the
experimental lower bounds on the different processes, Br(µ→ eγ) < 4.2× 10−13 [33], Br(τ → eγ) < 3.3× 10−8
[34], Br(τ → µγ) < 4.4× 10−8 [34] and ∆aµ < 287× 10−11 [35]. The orange dashed lines represent the projected
limits 6× 10−14 for µ→ eγ [36], 3× 10−9 for µ→ eγ [37], and∼ 10−9 for τ → eγ [37]. Finally, the green vertical
line shows the lower bound on the WR gauge boson [32], which only applies to the blue points. Here, left-right
symmetry has been assummed in the gauge sector, i.e. gL = gR.
2. LFV mediated by δ± Charged Higgses
The charged Higgs, δ±, can be light and induce large contributions to the lepton flavour violating pro-
cesses. The amplitude for the µ→ eγ process can be written as
Aδ
+
L =
e
4pi2
mµ
m2
δ+
∑
i
∑
c,d
(λ∗R)
ceλdµR V
ci
N (V
∗
N )
diG
(
m2Ni
m2
δ+
)
, (23)
Aδ
+
R =
e
4pi2
mµ
m2
δ+
∑
i
∑
c,d
(λ∗L)
ceλdµL (V
∗
ν )
ciV diν G
(
m2νi
m2
δ+
)
, (24)
11
where, as in previous discussion, fermion masses in the loop have been neglected, and the scalar function
G(x) is defined as
G(x) =
1− 6x+ 3x2 + 2x3 − 6x2Log(x)
12(1− x)4 . (25)
Notice that, as one can see in Fig. 3 (b) as well as in the above equation, the Ni and δ+ decouple in the
limit where their masses are heavy so that the amplitude contributing to LFV is suppressed. Therefore,
only when both masses are light, LFV processes can have a large effect. As we have already commented,
the crucial point here is that λR has flavour indices and therefore breaks the unitarity relations. However,
LNV processes not protected by the GIM suppression or any given internal symmetry are dangerous in the
sense that they could easily be in conflict with the strong current experimental bounds. It is remarkable
that, despite of losing the GIM protection, the consistency of the left-right symmetric model with a charged
scalar introduced in Ref. [29] is ensured due to the light sterile neutrinos that this theory predicts. In this
article we neglect the mixing between δ+ and the other charged Higgses because it is always small. The
term in the scalar potential which define this mixing is HTL iσ2ΦHRδ
−, and since the charged Higgses in
the bidoublet are very heavy, the mixing angle is always very small.
In Fig. 5 we show the predictions on the branching ratio for ei → ejγ mediated by δ+ as a function of
the mass of the charged scalar. The points plotted range from λR ∈ [0, 0.1], i.e. the Yukawa coupling has
been assumed to be perturbative, and the ∆ factor from ∆ ∈ [0,∆upper]. Notice that, due to the relation
shown in Eq. (12), the sterile neutrino masses as well as the rotation matrix VN can be extracted from the
coupling λR and the charged fermion masses. We neglected the contributions mediated by the charged
gauge bosons since they are very small. In Fig. 5 one can see that the limits on the branching ratio for the
process µ → eγ impose non-trivial bounds on the mass of the charged Higgs generating neutrino masses
at the one-loop level. However, generically the charged Higgs δ± can be light enough to avoid the LFV
bounds and be produced at the Large Hadron Collider with a large cross section. In Fig. 5 we also show the
numerical results for g − 2, which are very small, in order to complete our discussion.
12
FIG. 5: Predictions on the branching ratio of the process ei → ejγ mediated by a singly charged scalar as a function
of the Mδ+ . Here, the Yukawa λR ∈ [0, 0.1] and the factor ∆ ∈ [0,∆upper]. The red lines represent the experimental
lower bounds on the different processes, Br(µ → eγ) < 4.2 × 10−13 [33], Br(τ → eγ) < 3.3 × 10−8 [34],
Br(τ → µγ) < 4.4×10−8 [34] and ∆aµ < 287×10−11 [35]. The orange dashed lines represent the projected limits
6× 10−14 for µ→ eγ [36], 3× 10−9 for µ→ eγ [37], and ∼ 10−9 for τ → eγ [37].
B. µ→ e conversion
The process of µ → e conversion was first studied by Weinberg and Feinberg [38]. See also Refs. [39–
43]. The experimental lower bounds for this process are stronger than for the µ→ eγ process
RTiµ→e < 4.3× 10−12[44], RAuµ→e < 7× 10−13[45], RPbµ→e < 4.6× 10−11[46],
and, moreover, these constraints are expected to be improved by several orders of magnitude in a near future
according to some future experiments such as DeeMe at J-PARC [47], with an expected sensitivity of 10−14,
Mu2e at Fermilab [49], with 6×10−17, and COMET at J-PARC [48], with 10−16. These competitive lower
bounds make the process µ − e conversion very attractive to constrain models predicting lepton flavour
violating interactions.
From an effective theory point of view, the effective interactions contributing to this process in the
13
µ e
q q
γ, Z, Z
′
µ e
q q q q
µ e
γ, Z, Z
′
γ, Z, Z
′
+ +
FIG. 6: Diagramatic contributions to µ to e conversion. The black spot symbolizes the effective vertex.
context of our left-right symmetric model with a singly charged Higgs can be written as
− L(q)eff = CDRmµ e¯σρνPLµFρν +
∑
q
C
(q)
V Re¯γ
ρPRµ(q¯γρq) + h.c. (26)
Among the gauge boson contributions to the above lagrangian, shown in Fig. 6, we only consider the
photonic contribution since the contribution of the massive gauge bosons is suppressed by their masses
squared. As a good approximation, we assume that the transferred momentum t of the process shown in
Fig. 6 is of the order of t ∼ m2µ, which would correspond to an elastic collision. The Wilson coefficients in
Eq.(26) in the context of our left-right symmetric model are written explicitly in the appendix. Notice that
here, unlike in the µ→ eγ case, the photon is off-shell. However, since t ∼ m2µ, the transferred momentum
can be neglected inside the loop compared to the charged scalar/gauge bosons masses, giving the same result
as the one showed in the section of µ→ eγ. Here the contributions mediated by the charged gauge bosons
have been neglected in front of the contribution of the singly charged Higgs, as we have justified before.
The above lagrangian is defined at the quark level. However, we are interested in low energy processes
involving nuclei. In order to perform the matching between both energy regimes we follow Refs. [41] and
[42], where the matching between quark and parton level is made by introducing the following form factors
q¯γρq → f (q)V NΨNγρΨN , (27)
defined as
f
(u)
V p = 2, f
(d)
V p = 1, f
(s)
V p = 0, (28)
f
(u)
V n = 1, f
(d)
V n = 2, f
(s)
V n = 0. (29)
14
and thus the new effective couplings C˜(N)V R read as
C˜
(p)
V R =
∑
q=u,d,s
C
(q)
V Rf
(q)
V p , (30)
C˜
(n)
V R =
∑
q=u,d,s
C
(q)
V Rf
(q)
V n. (31)
The muon conversion rate reads as [42]
Γconv =
m5µ
4
∣∣∣CDRD + C˜(p)V R4V (p) + C˜(n)V R4V (n)∣∣∣2 , (32)
where the dimensionless integrals D and V (N) represent the overlap of electron and muon wavefunctions
and depend on the nucleus involved. Their explicit expressions are given by [42]
D =
4√
2
mµ
∫ ∞
0
dr r2[−E(r)](g−e f−µ + f−e g−µ ), (33)
V (p) =
1
2
√
2
∫ ∞
0
dr r2Zρ(p)(g−e g
−
µ + f
−
e f
−
µ ), (34)
V (n) =
1
2
√
2
∫ ∞
0
dr r2(A− Z)ρ(n)(g−e g−µ + f−e f−µ ), (35)
where ρ(N) is the density of the nucleon, E(r) refers to the electric field, which is obtained by integrating
the Maxwell equation
E(r) =
Ze
r2
∫ r
0
r
′2ρ(p)(r
′
)dr
′
, (36)
and the functions g−µ , f−µ , g−e and f−e correspond to the 1s muon wave functions and electron wave functions,
respectively, according to the nomenclature used in Ref. [40]. The values of the dimensionless integrals D
and V (N) along with the capture rates of the named isotopes are listed in Table II.
Isotop D [42] V (p) [42] V (n) [42] Γcapt(106 s−1) [51]
27
13Al 0.360 0.0160 0.0171 0.69
48
22Ti 0.0867 0.0398 0.0482 2.59
197
79 Au 0.178 0.0917 0.127 13.07
207
82 Pb 0.160 0.0828 0.119 13.45
TABLE II: For the dimensionless integrals, the average of the numerical values computed through different methodes
has been taken (see Ref. [42]).
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FIG. 7: Prediction on the branching ratio of the processs µ− e conversion in different nuclei as a function of the mass
of the singly charged Higgs. Here, the Yukawa couplings λR range from 0 to 0.1 and ∆ from 0 to ∆upper randomly.
The red lines show the upper experimental bound for µ − e conversion, according to the nucleus. The dashed lines
represent the projected sensitivities of the experiments DeeMe at J-PARC with 10−14 [47] (green line), and COMET
at J-PARC with 10−16 [48] and Mu2e at Fermilab with 6× 10−17 [49] (magenta line).
Finally, the branching ratio is usually expressed as the conversion rate normalized by the muon capture
rate
Bµ→e(Z) =
Γconv(Z,A)
Γcapt(Z,A)
. (37)
In Fig. 7 we show the prediction on the µ→ e process in the context of our left-right symmetric model as a
function of the charged scalar mass for the isotopes 2713Al,
48
22Ti,
197
79 Au and
207
82 Pb. The current experimental
bounds are represented by the red line and with dashed lines we show the projected limits. As one can see,
the current bounds constrain only a small region of the parameter space, while the projected bounds will
constrain the model in a significant way. It is important to emphasize that in this theory one can have large
lepton flavour violating effects in a consistent way in agreement with all experimental constrains. Then,
combining the results for the ei → ejγ and the µ → e conversion one can hope to test these predictions in
the near future.
In this model one can have new contributions to neutrinoless double beta decay once the singly charged
Higgs, δ±, mixes with the charged Higgses in the bi-doublet Higgs. Since the charged Higgses in the
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bi-doublet have to be heavy to avoid large flavour violation in the quark sector and the mixing angle is
small the contribution to neutrinoless double beta decay is very small. Therefore, here one has the usual
contributions in the context of the left-right theory but taking into account that the right-handed neutrinos
are light. We have investigated the e±i → e±j e∓k e±l , and the predictions are quite below the current and
projected experimental bounds.
IV. SUMMARY
We have discussed the main features of a simple left-right symmetric theory [29] where the neutrinos
are Majorana fermions and their masses are generated at one-loop level. This theory predicts that the right-
handed neutrinos are generically light and the existence of new interactions violating lepton number which
can give rise to large contributions to flavor violating processes such as µ → eγ and µ → e conversion.
We have investigated the lepton flavour violating contributions mediated by the new charged gauge bosons
W±R . These contributions are very small in our model due to the GIM suppression. However, in other
models where the right-handed neutrinos are heavy and close in mass to the W±R gauge bosons, these
contributions can be very large motivating the search for the LFV processes.
Our left-right symmetric theory predicts the existence of a new singly charged Higgs which can give
rise to very large flavour number violation effects. Since the charged scalar could be in principle very light
due to the lack of strong collider constrains, one can have large contributions to LFV processes such as
µ → eγ and µ → e conversion. We have shown that both processes provide non-trivial bounds on this
model and thanks to the possibility of improving the experimental bounds in the near future one can hope to
test these predictions. Together with the usual collider signatures from the W±R and right-handed neutrinos
decays, one can use the predictions for lepton flavour number violating processes to realize the testability
of this theory.
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V. APPENDICES
A. Form factors
The relevant coefficients for the study of µ→ e conversion are given by
C
(q)
V R =
Qqe
2
4pi2
1
t
∑
Ni
∑
c,d
(λ∗R)
ceλdµR V
ci
N (V
∗
N )
di
(
3
4
+m2δ+
(
1
2(m2
δ+
−m2Ni)
− 1
t
)
+
m2Ni
t
+
(
(m2Ni −m2δ+)2 +m2Nit
)
t
C0[0, 0, t,mδ+ ,mδ+ ,mNi ]
+Log
(
m2Ni
m2
δ+
)
2m6Ni + 2m
2
Ni
m4δ+ +m
4
Ni
(t− 4m2δ+)
2(m2Ni −m2δ+)2t
+
(2m2Ni − 2m2δ+ + t)Λ[t,mδ+ ,mδ+ ]
2t
)
,
(38)
and
CDR =
e
8pi2
∑
Ni
∑
c,d
(λ∗R)
ceλdµR V
ci
N (V
∗
N )
di
(
12m4Ni + 12m
4
δ+ − 3m2δ+ t+m2Ni(5t− 24m2δ+)
4(m2Ni −m2δ+)t2
+
(6m2Ni + 6m
2
δ+ + t) Λ[t,mδ+ ,mδ+ ]
2t2
+m2NiLog
(
m2Ni
m2
δ+
)
6m4Ni − 6m4δ+ − 2m2δ+t+m2Ni(t− 12m2δ+)
2(m2Ni −m2δ+)2t2
+
3m4Ni + 3m
4
δ+ −m2δ+t+m2Ni(2t− 6m2δ+)
t2
C0[0, 0, t,mδ+ ,mδ+ ,mNi ]
)
, (39)
where
Λ[t,mδ+ ,mδ+ ] ≡
√
1− 4m
2
δ+
t
Log
 2m2δ+
2m2
δ+
−
(
1 +
√
1− 2m
2
δ+
t
)
t
 , (40)
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and the Passarino−Veltman C0 function is given by
C0[0, 0, t,mδ+ ,mδ+ ,mNi ] =
1
t
[
−DiLog
(
(m2Ni −m2δ+)2
(m2Ni −m2δ+)2 +m2Nit
, t
)
+DiLog
(
(m2Ni −m2δ+)(m2Ni −m2δ+ + t)
(m2Ni −m2δ+)2 +m2Nit
, (mNi −mδ+)t(m2Ni −m2δ+ + t)
)
+DiLog
 2(mNi −mδ+)(mNi +mδ+)
2m2Ni − 2m2δ+ + t−
√
t(t− 4m2
δ+
)
, (mNi −mδ+)t

−DiLog
− 2(m2Ni −m2δ+ + t)
2m2
δ+
− 2m2Ni − t+
√
t(t− 4m2
δ+
)
, (m2Ni −m2δ+ + t)t

+DiLog
 2(mNi −mδ+)(mNi +mδ+)
2m2Ni − 2m2δ+ + t+
√
t(t− 4m2
δ+
)
, (mδ+ −mNi)t

− DiLog
 2(m2Ni −m2δ+ + t)
2m2Ni − 2m2δ+ + t+
√
t(t− 4m2
δ+
)
, t(m2δ+ −m2Ni − t)
 . (41)
However, in the elastic limit t ∼ m2µ, one can neglect the variable t since m2µ ∼ 0 compared to mδ+
runing inside the loop. Hence, CDR corresponds to the amplitude of µ → eγ given by Eq.(23) with some
arrangements of the factors to be consistent with the notation used in Eqs.(26) and (32),
CDR =
e
8pi2
1
m2
δ+
∑
i
∑
c,d
(λ∗R)
ceλdµR V
ci
N (V
∗
N )
diG
(
m2Ni
m2
δ+
)
, (42)
where the function G(x) is defined in Eq.(25), and the vectorial form factor becomes zero in this limit, i.e.
C
(q)
V R = 0. We have used the Package-X [52] to perform the loop calculations.
B. Relevant Feynman rules
Here we list some of the most relevant Feynman rules for our study
• ν¯i ej W+R : i
gR√
2
(B†)ijγµPR,
• N¯i ej W+R : i
gR√
2
(V †N )
ijγµPR,
• ν¯i ej W+L : i
gL√
2
(V †ν )
ijγµPL,
• N¯i ej W+L : i
gL√
2
(A†)ijγµPL,
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• ν¯i ej δ+ : 2i
∑
c
(B∗)ciλcjRPR + V
ci
ν λ
cj
L PL,
• N¯i ej δ+ : 2i
∑
c
(V ∗N )
ciλcjRPR +A
ciλcjL PL.
Here we have neglected the mixing between the WL and WR gauge bosons for simplicity.
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